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This  program  is  directed  toward  an  improved  understanding  of  the  sources 
and  the  energization,  transport  and  loss  processes  associated  with  the 
low-energy  (kev)  plasmas  in  the  earth’s  magnetosphere,  particularly  as 
they  relate  to  ionospheric  perturbations  and  ionospheric-magnetospheric 
coupling. 

The  experiment  is  operating  completely  successfully  and  has  already  made 
several  major  discoveries  about  previously  unknown  ionospheric  accelera- 
tion mechanisms  and  the  composition  of  the  ring  current. 

The  principal  result  has  been  the  discovery  of  large  fluxes  of  energized 
ionospheric  ions  streaming  up  the  magnetic  field  lines  from  the  ionosphere. 
This  discovery  establishes  the  existence  of  a major  new  ionospheric-mag- 
netospheric coupling  phenomenon.  The  characteristics  of  the  phenomenon 
point  to  parallel  electric  fields  as  the  immediate  cause  of  the  acceler- 
ated ions.  These  results  and  those  of  the  ONR  companion  experiment  on 
S3-3> which  makes  in  situ  measurements  of  the  electric  fields, put  on  a 
firm  basis  the  many  recent  speculations  and  inferences  relating  to  large 
electric  potential  differences  parallel  to  the  geomagnetic  field  lines 
in  the  magnetosphere. 


Another  important  result  was  the  discovery  of  a second  type  of  iono- 
spheric acceleration  mechanism  which  preferentially  accelerates  the  per- 
pendicular component  of  the  ion  volocity. 


A third  important  result  was  the  first  direct  measurement  of  the  compo- 
sition of  the  storm-time  ring  current.  In  the  energy  range  from  1-16 

keV  the  main  phase  ring  current  has  been  found  to  be  primarily  composed 
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of  H and  0 ions. 
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More  detailed  discussions  of  the  results  will  be  found  in  the  appendix. 
Our  principal  activities  during  the  present  reporting  period  were: 

1.  The  provision  of  technical  planning  and  liaison  for  the  on-orbit 
support  of  the  ONR-llS  payload. 

2.  The  performance  of  surveys  of  approximately  200  flight  data  tapes. 

3.  The  detailed  analysis  of  several  events  in  order  to  establish  the 
principal  characteristics  of  the  newly  discovered  phenomena. 

4.  The  publication  and  presentation  of  the  initial  results  to  the  sci- 
entific community. 

Publications  and  Presentations 

General  reviews  of  these  exciting  new  results  and  related  earlier  work 
will  be  given  in  invited  presentations  at  the  Spring  1977  American  Geo- 
physical Union  Meeting  in  Washington,  D.  C.  (by  Dr.  R.  G.  Johnson)  and 
at  the  Third  General  Assembly  of  IAGA  in  Seattle  in  August  1977  (by  Dr. 
E.  G.  Shelley).  In  addition  to  the  invited  reviews,  nine  contributed 
papers  have  been  submitted  to  these  and  other  meetings  and  three  writ- 
ten papers  have  been  or  shortly  will  be  published.  A bibliography  of 
these  publications  follows  and  the  relevant  abstracts,  preprints  and 
reprints  are  included  in  the  appendix. 
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E.  G.  Shelley,  Principal  Investigator 
Lockheed  Palo  Alto  Research  Laboratory 
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SATELLITE  OBSERVATIONS  OF  AN  IONOSPHERIC  " i ■ \J  A 

ACCELERATION  MECHANISM  ' ~~5  ie-J' LL  l f 

vVI 

E.  G.  Shelley,  R.  D.  Sharp,  and  R.  G.  Johnson 

Lockheed  Palo  Alto  Research  Laboratory 
Palo  Alto,  California  94304 


Abstract.  A satellite-borne  energetic  ion 
mass  spectrometer  experiment  has  detected  flaxes 
of  0+  and  H+  ions  flowing  up  out  of  the  iono- 
sphere in  the  auroral  and  polar  regions.  The 
observed  ions  have  energies  in  the  keV  range, 
narrow  pitch-angle  distributions  aligned  along 
the  magnetic  field  direction  and  peak  flux  in- 
tensities of  the  order  of  10“  (cfn^-sec-sterad- 
keV)"1.  The  observations  were  made  at  altitudes 
between  5000  and  8000  km  on  both  the  day  and 
nightsides  of  the  earth. 

Introduction 

The  existence  of  large  fluxes  of  energized 
ionospheric  ions  with  energies  of  up  to  IP  keV  in 
the  magnetosphere  was  established  by  mass  spec- 
trometer observations  on  the  satellite  1971-89A 
rshelley  et  al. , 1972].  This  was  a 3-axis  stabi- 
lized spacecraft  and  so  no  information  on  the 
angular  distributions  of  the  Ions  was  obtained. 
The  measurements  were  in  the  loss  cone  at  alti- 
tudes of  about  800  km  and  represented  the  precip- 
itating component  of  the  ion  fluxes.  The  exist- 
ence of  an  ionospheric  acceleration  mechanism 
leading  to  the  energization  of  the  observed  ions 
was  inferred  from  the  measurements,  but  no  direct 
observations  of  the  mechanism  in  operation  were 
obtained.  Other  evidence  implying  the  existence 
of  such  a mechanism  was  obtained  from  electrosta- 
tic analyzer  experiments  on  ATS-6  and  IMP-7.  Al- 
though these  instruments  could  not  directly  det- 
ermine the  species  of  the  measured  ions,  their 
probable  ionospheric  origin  was  inferred  from 
their  morphological  characteristics.  Field- 
aligned  structures  of  low-energy  ions  referred 
to  as  "source  con*'  structures"  were  reported  by 
Mauk  and  Mcllwain  [1975].  Bouncing  clusters  of 
heavy  ions  of  probable  ionospheric  origin  were 
reported  by  Mcllwain  C1976].  Ton  fluxes  inter- 
preted as  streaming  <)+  were  detected  by  the  IMP-7 
experiment  at  geocentric  radial  distances  of 
» 35  Rg  in  the  magnetotail  [Frank  et  al . , 1976]. 

Observations 

This  letter  presents  preliminary  results  from 
a newly-orbited  ion  mass  spectrometer  experiment 
on  a spinning  spacecraft  which  for  the  first  time 
allows  detailed  pitch  angle  distribution  measure- 
ments of  ions  with  identifiable  raass-per-unlt- 
charge.  The  spacecraft  in  iri  an  eilipti"»!  polar 
orbit  with  apogee  in  the  polar  regions  at.  - 8000 
km  altitude  and  so  allows  a search  for  newly  ac- 
celerated inns  streaming  up  the  field  liner,  from 
the  ionosphere  below.  The  instrument  is  an  im- 
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proved  version  of  the  one  flown  on  satellite 
1971-89A  [Shelley  et  al.,  1972]  and  like  that  in- 
strument consists  of  three  individual  mass  spec- 
trometers operating  in  different  energy  ranges. 
Each  spectrometer  acquires  a 30-channel  mass-per- 
unit-charge  spectrum  at  a single  energy-per-unit- 
ebarge  every  second.  F.very  16  seconds,  this 
energy-per-unit-charge  setting  is  cycled  through 
one  of  four  values,  allowing  a 12-point  energy 
spectrum  to  be  acquired  every  64  seconds.  (The 
1?  measured  energy-per-unit-charge  values  are 

0.50,  0.68,  0.9'*,  1.28,  1.76,  2.4,  3.3,  >t.5,  6.2, 
8.5,  11.6,  and  16.0  keV.)  The  satellite  is  spin- 
ning about  an  axis  perpendicular  to  the  orbital 
plane  at  about  3 RfW  and  the  spectrometers  are 
oriented  perpendicular  to  the  spin  axis  so  that 
an  angular  distribution  measurement  at  three  ener- 
gies over  an  angular  range  of  about  290°  is  ac- 
quired every  16  seconds.  The  experiment  also 
contains  four  electron  detectors  operating  in  the 
keV  range  similar  to  those  described  by  Reed  et 
al.  [1969]. 

Scans  of  the  mass  spectrometer  data  from  the 
first  few  orbits  for  which  data  were  available 
showed  several  examples  of  ions  streaming  up  the 
field  lines.  Two  examples,  one  on  the  dayside 
at  high  latitudes  and  one  in  the  nightside  aur- 
oral zone  were  selected  for  this  preliminary  re- 
port. Both  examples  occurred  during  comparative- 
ly quiet  magnetic  periods. 

Figure  1 shows  a segment  of  data  from  the  low- 
energy  mass  spectrometer  acquired  in  the  northern 
polar  region  at  a local  time  of  about  1U3O.  The 
relative  responses  of  the  0+  and  II*  ions  are 
plotted  versus  time  and  can  be  compared  with  the 
pitch  angle  determined  from  the  on-board  magneto- 
meter shown  in  the  upper  panel.  The  energy-per- 
unit-charge  of  the  measured  ions  is  also  indi- 
cated. One  sees  sharply  peaked  pitch-angle  dis- 
tributions for  both  0+  and  H4  corresponding  to 
ions  streaming  up  the  field  lines  from  the  iono- 
sphere. A preliminary  estimate  of  *he  absolute 
flux  intensity  corresponding  to  the  peak  proton 
response  illustrated  is  =*  10®  (enr* -sec-sterad- 
keV)-l  at  1.28  keV.  The  lowest  panel  of  Figure  1 
shows  t.he  response  of  the  electron  detector  which 
sampled  the  energy  range  0.37  < E *•  1.28  keV. 

The  deep  minima  corres|Kinding  to  the  atmospheric 
loss  cone  are  clearly  evident  at.  the  same  loca- 
tions as  the  ion  peaks. 

The  mass-per-uni t -charge  spectrum  of  the  ions 
measured  at  1.28  key  per  charge  during  one  of  the 
angular  scans  through  the  loss  cone  region  i :• 
shown  in  Figure  One  sees  thnt.  there  are  sig- 
nificant, H‘  and  u*  fluxes  but  no  evidence  of  the 
helium  ions  which  have  been  detected  on  other 
occasions  with  the  I97I-89A  experiment  [Johnson 
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Fig.  1 Data  from  Revolution  67  on  July  17,  1976. 

The  upper  panel  shows  the  pitch  angle  of 
the  measured  particles.  The  two  center 
panels  show  data  from  the  mass  spectro- 
meter at  the  indicated  energies,  and  the 
lower  panel  shows  electron  fluxes  in  the 
energy  range  from  0.37  to  l.?R  koV.  The 
relative  temporal  precision  of  the  plots 
is  about  one  second. 

et  al. , 1971* ; Sharp  et  al.  , 1Q?4] . During  the 
period  illustrated  in  Figure  1,  the  higher  energy 
mass  spectrometer  channels  also  showed  evidence  o 

of  field-aligned  fluxes  with  energies  of  up  to  8 

4.5  keV  for  0+  ions  and  up  to  2.4  keV  for  protons. 
Those  fluxes  were  substantially  weaker  than  those 
shown,  at  the  lower  energies,  in  Figure  1.  The  Kp 
value  for  the  period  of  these  observations  was  1. 

The  entire  day  of  July  17  was  relatively  quiet 
with  a 5T(p  a 11*. 

The  second  example  shown  in  Figure  3 is  from 
the  northern  auroral  zone  at  a local  time  of 
about  21  hours  on  July  13.  The  format  is  similar 
to  Figure  1.  Again  one  sees  both  0+  and  H+  flux- 
es streaming  up  the  field  lines.  The  mass-per- 
unit-charge  spectrum  during  the  second  of  the  two 
ion  peaks  is  shown  in  Figure  4.  The  H+  peak  on 


this  occasion  was  significantly  narrower  than  ex- 
pected from  the  response  function  of  t.he  Inntru- 
ment  and  than  was  observed  in  the  first  event 
shown  in  Figure  2.  This  probably  was  due  to 
temporal  or  spatial  fluctuations  during  the  four- 
second  period  of  the  measurement  and  is  posaibly 
indicative  of  turbulence  associated  with  the  ac- 
celeration mechanism.  The  K-  value  during  the 
period  of  these  observatlons^was  2*.  The  £Kp  for 
the  entire  day  of  July  13  was  9'. 

Summary  and  Conclusions 

We  can  infer  some  characteristics  of  the  iono- 
spheric acceleration  mechanism  from  these  prelim- 
inary observations.  It  is  effective  in  both  the 
dayside  and  nightside  ionospheres,  over  a wide 
range  of  latitudes,  even  during  magnetically  quiet 
times.  It  operates  below  «*  6000  km.  It  has  a 
relatively  high  occurrence  frequency.  Individual 
events  have  a latitudinal-wldth/temporal-duratlon 
corresponding  to  up  to  a minute  of  satellite  trav- 
el with  possible  fine  scale  turbulent  structure 
superimposed.  The  process  is  not  accompanied  by 
strong  pitch-angle  diffusion  since  the  observed 
ions  are  well  collimated  along  the  field  line. 

The  process  accelerates  both  H*  and  0+  in  compar- 
able intensities  and  to  roughly  comparable  ener- 
gies with  other  species  being  as  yet  unobserved. 
The  peak  differential  flux  intensities  observed 
at  about  1 keV  are  of  the  order  of  10°  (cm^-sec- 
sterad-keV)"1.  All  of  the  cases  observed  to  this 
time  occurred  in  regions  of  precipitating  auroral 
electrons.  In  the  cases  studied,  field-aligned 
ion  fluxes  were  not  observed  returning  from  the 
other  hemisphere.  It  is  not  clear  yet  whether 
the  observations  are  taking  place  on  open  or 
closed  field  lines  or  both.  (The  electron  fluxes 
in  each  of  the  examples  shown  here  have  indica- 
tions of  an  additional  loss  cone  at  180°  in  some 
spins  and  not  in  others.) 

We  can  further  conclude  from  these  observations 


Fig.  2 Mnss-per-unit-charge  spectrum  on  Revolu- 
tion 67. 
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Fig.  3 Data  from  Revolution  35  on  July  13,  1976. 

The  quantities  plotted  are  the  same  as  In 

Fig.  1. 

that  the  Ionosphere  Is  a significant  source  of 
magnetospheric  proton  fluxes  ns  well  as  energetic 
0+  ions  and  that  further  acceleration  to  higher 
energies  than  is  observed  here  is  needed  to  attain 
the  ion  energies  seen  in  the  precipitating  popula- 
tion during  storms  [Sharp  et  al. , 1976] . 

In  conclusion,  we  have  made  direct  observations 
of  the  products  of  an  ionospheric  acceleration 
mechanism  and  described  some  of  the  characteris- 
tics of  that  mechanism.  Further  studies  of  its 
morphology  and  of  the  detailed  mass,  energy,  and 
angular  distributions  of  the  accelerated  ions  wl LI 
follow. 


Fig.  4 Mass-per-unit-charge  spectrum  on  Revolu- 
tion 35. 
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A TRACT 

0+  ions  with  energies  of  approximately  1 keV  have  been  observed 

flowing  upward  out  of  the  ionosphere  with  a pitch-angle  distribution 

having  a minimum  along  the  magnetic  field  direction  and  maxima  in 
o , o 

about  the  130  -140  range.  The  measurements  were  obtained  with  an  ener- 
getic ion  mass  spectrometer  experiment  on  the  satellite  1976-65B  at  an 
altitude  of  about  jf>00  km  in  the  northern  dayside  polar  cusp.  The  data 
are  interpreted  as  resulting  from  a mechanism  which  accelerates  ambient 
ionospheric  ions  in  a direction  perpendicular  to  the  geomagnetic  field. 

INTRODUCTION 

In  a previous  publication  [Shelley  et  al. , 1976]  we  reported  the 
observation  of  intense  fluxes  of  upward-flowing  ions  with  energies  in 
the  keV  range  and  narrowly  collimated  pitch-angle  distributions  aligned 
along  the  magnetic  field  direction.  Such  pitch-angle  distributions  are 
suggestive  of  an  acceleration  mechanism  primarily  acting  on  the  compon- 
ent of  the  ion's  velocity  parallel  to  the  magnetic  field,  such  as  field- 
aligned  DC  electric  fields.  In  this  brief  report,  we  show  an  example  of 
a different  class  of  phenomena,  i.e.,  an  ionospheric  acceleration  mech- 
anism which  acts  on  the  perpendicular  component  of  the  ion's  velocity.  Our 
preliminary  analysis  Indicates  that  this  process  is  observed  much  less  fre- 
quently than  the  process  which  acts  primarily  on  the  ion  velocity  component 


parallel  to  the  magnetic  field. 


The  measurements  to  be  described  were  obtained  from  an  experiment  on 
the  satellite  1976-65B  which  is  in  an  elliptical  polar  orbit  with  apogee 
at  about  8000  km  altitude.  The  satellite  is  spinning  at  3 RFM  with  its  spin 
axis  perpendicular  to  the  orbital  plane.  The  particle  spectrometers  are 
mounted  with  their  view  directions  perpendicular  to  the  spin  axis.  The 
experiment  consists  of  3 ion  mass  spectrometers  and  4 electron  spectro- 
meters similar  in  design  to  those  described  previously  [Shelley  et  al . , 

1972;  Reed  et  al . , 1969].  The  energy  ranges  and  geometric  factors  of 
the  electron  spectrometers  are  listed  in  Table  1.  The  ion  mass  spectro- 
meters each  acquire  a 30-channel  mass-per-unit-charge  spectrum  at  a single 
energy-per-unit-charge  every  second.  The  energy-per-unit-charge  setting 
is  cycled  through  4 values  every  64  seconds,  remaining  on  each  step  for  16 
seconds.  Thus,  a 12-point  energy  spectrum  is  acquired  from  the  3 spectro- 
meters every  64  seconds.  These  12  measured  energy-per -charge  values  are 
also  listed  in  Table  1. 

The  data  to  be  described  here  were  acquired  during  a traversal  of  the 
dayside  cusp  on  July  29,  1976  at  a magnetic  Local  time  close  to  noon  and  an 
altitude  of  about  7600  km.  Large  fluxes  of  upward  flowing  0+  ions  were  ob- 
served during  several  satellite  spins  over  the  interval  from  74.7°  to  76.4° 
in  invariant  latitude.  The  fluxes  had  a characteristic  pitch-angle  distribu- 
tion with  a minimum  along  the  magnetic  field  direction.  The  data  from  the  low- 
est energy  mass  spectrometer  (CXAl)  plotted  against  universal  time  are  shown 
in  Figure  1 . The  arrows  indicate  those  times  (once  per  spin)  when  the  instru- 
ment was  oriented  nearly  parallel  to  the  magnetic  field  and  pointing  downward. 
The  ordinate  is  counts  p<>r  3/l6-second  counting  interval  from  the  m/<| 
l6  portion  of  the  mass-per-charge  spectrum.  The  o'  flux  level  corree- 
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ponding  to  the  peak  response  eguals  approximately  r>  x If/*  (cm^-sec-sterad- 
keV)  ' . The  occasional  gaps  are  dun  to  loss  of  data.  The  switching  of 
the  energy-per-charge  setting  of  the;  spectrometer  every  1 6 seconds  Is  in- 
dicated iri  the  figure.  The  observed  (/  fluxes  were  guite  soft  being  gen- 
erally below  the  sensitivity  threshold  level  of  the  higher  energy  spectro- 
meters. The  fact  that  no  0+  fluxes  were  detected  during  that  portion  of 
the  spin  cycle  when  the  instrument  was  pointing  upwards  shows  that  the  ob- 
served particles  were  not  trapped  ions  mirroring  at  lower  altitudes  but 
were  injected  from  some  source  region  below  the  satellite. 

The  relationship  of  the  upward  flowing  0+  to  the  polar  cusp  ion  and 
electron  fluxes  is  illustrated  in  Figure  2,  The  abscissa  shows  universal 
time  on  July  ?8,  1976;  geographic  longitude  and  latitude;  altitude  in  kilo- 
meters; invariant  latitude  in  degrees  and  magnetic  local  time.  The  four 
lowest  panels  show  the  logarithm  of  the  counts  per  half-second  counting 
interval  for  the  electron  spectrometers.  The  next  panel  indicates  the 
pitch  angle  of  the  measured  particles  (l80°  pitch  angle  corresponds  to 
particles  moving  upward  out  of  the  ionosphere  anti  parallel  to  B).  The 
two  upper  panels  show  the  logarithm  of  the  counts  from  ions  with  m/q  - 1 
or  16  as  indicated,  summed  once  per  second  from  the  three  mass  spectro- 
meters, giving  an  approximate  relative  measure  of  the  total  flux  of  the 
relevant  species. 

A possibly  significant  feature  which  can  be  seen  in  Figure  2 is  that 
incoming  fluxes  of  both  electrons  and  protons  maximize  in  the  latitudinal 
region  of  the  O acceleration . In  searching  for  a causative  agent  for 
this  acceleration  therefore,  it  is  tempting  to  look  to  these  particles 
for  some  evidence  of  interactions,  or  the  lack  thereof,  below  the  satellite 
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in  the  region  of  the  ionospheric  acceleration  process.  In  examining  the 
data  in  Figure  2 we  see  that  the  proton  fluxes  in  this  region  generally 
show  a wcl L-def ined  loss  cone  while  the  electrons  show  significant  evidence 
of  loss  cone  filling.  This  probably  indicates  that  the  electrons  are  exper- 
iencing substantial  pitch-angle  diffusion  and  that  the  range  of  pitch  angles 
depleted  of  electron  fluxes  by  atmospheric  interactions  is  partially  filled 
in  by  pitch-angle  scattering  below  the  satellite.  The  proton  data,  on  the 
other  hand,  are  indicative  of  a lack  of  such  strong  pitch-angle  scattering. 

In  order  to  make  a more  detailed  examination  of  the  ion  pitch-angle 
distributions  in  the  latitudinal  region  of  the  acceleration  process  we 
have  selected  for  further  analysis  the  data  from  the  three  consecutive 
spins  of  the  satellite  where  the  fluxes  were  most  intense.  These  are 
indicated  as  spins  1,  2,  and  3 in  Figure  1.  The  upper 

panel  of  Figure  3 shows  the  0+  data  from  CXA1  during  this  period  plotted 
versus  pitch  angle.  Time  varies  from  left  to  right  along  each  curve,  and 
the  times  at  which  the  instrument  cycles  from  one  energy  step  to  another 
are  indicated.  There  are  occasional  missing  points  due  to  gaps  in  the 
acquired  data.  The  pitch-angle  distributions  maximize  in  the  range  of 
about  130°-lU0°.  This  is  consistent  with  a mechanism  operating  below  the 
satellite  which  primarily  accelerates  the  perpendicular  component  of  the 
velocity  of  the  ambient  ionospheric  0+,  producing  energetic  ions  with 
essentially  90°  pitch  angle.  These  ions  would  then  mirror  and  move  up- 
ward obeying  the  first  adiabatic  invariant,  so  that  the  maximum  in  their 
pitch-angle  distribution  folds  outward  into  the  characteristic  distribu- 
tion observed  at  the  satellite  altitude.  If  this  simple  model  is  valid, 
the  acceleration  process  had  its  maximum  intensity  at  an  altitude  of  UCXXl 
to  5000  km. 
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The  two  lower  panels  in  Figure  3 show  the  m /q  - 1 data  for  the  two 
lowest  energy  spectrometers  during  this  same  period.  One  sees  that  ions 
are  observed  coming  from  the  upper  hemisphere  as  well  as  from  below  the 
satellite.  Thus  the  upward-moving  H+  could  result  from  ions  incident 
from  the  cusp  and  mirroring  below  the  spacecraft.  Since  temporal  and  spa- 
tial fluctuations  in  the  ion  flux  levels  can  occur  on  a scale  commensur- 
ate with  the  spin  rates  one  cannot  rule  out  the  possibility  that  some 
component  of  the  observed  fluxes  is  newly-accelerated  H+  of  ionospheric 
origin. 

In  order  to  investigate  this  question  further  and  to  search  for 
minor  ionic  species,  we  examined  the  mass-per-unit-charge  spectrums  of 
the  observed  ions  summed  over  two  different  ranges  of  pitch  angle  during 
this  same  period.  One  range  was  set  to  include  the  newly-accelerated  0+ 
ions  and  any  other  ions  which  might  have  originated  or  mirrored  in  that 
same  altitude  region.  The  second  range  included  all  ions  incident  from 
the  upper  hemisphere  plus  those  mirroring  below  the  satellite  at  altitudes 
above  the  acceleration  region.  These  spectrums  for  the  three  spectrometers 
are  illustrated  in  Figure  4.  The  most  dramatic  difference  between  the  two 
sets  of  spectrums  is,  of  course,  the  presence  of  the  0+  in  the  acceleration 
region  in  CXA-1.  One  sees  in  the  incident  flux  region  in  all  3 spectrometers 
the  He  ions  which  are  the  clear  signature  of  the  solar  wind  origin  of  the 
cusp  particles.  There  is  very  little  He++  apparent  in  the  acceleration 
region.  This  might  be  taken  to  imply  that  some  fraction  of  the  protons 
in  this  region  were  accelerated  from  the  ionosphere,  since  in  that  case 
they  would  be  unaccompanied  by  He++.  Unfortunately,  however,  the  differ- 
ence in  the  He  +/H  ratios  between  the  two  regions  is  not  definitively 
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statistically  significant.  Tn  the  incident  flux  region  the  He  /H  count 
ratio  summed  over  the  three  mass-per-unit-charge  spectrums  equals  0.052  + 
0.011  while  in  the  acceleration  region  the  same  ratio  equals  0.024  + 0.013. 
No  significant  evidence  is  apparent  for  He+  which  could  he  either  newly 
accelerated  or  result  from  charge  exchange  of  the  incident  He+^  . 

One  additional  test  which  can  be  made  for  evidence  of  newly  acceler- 
ated H+  ions  in  the  acceleration  region,  or  for  evidence  of  some  interac- 
tion and  energy  loss  of  the  incident  H ions,  is  to  examine  the  H+  energy 
spectrums  averaged  over  the  two  regions.  Since  the  spectrometers  cycle 
through  energies  only  about  once  per  spin  it  is  not  possible  to  obtain  a 
full  twelve-point  spectrum  simultaneously,  and  in  a region  of  structured 
fluxes  such  as  we  have  here  it  was  felt  that  such  a spectrum  would  not  be 
significant.  In  any  one  spin,  however,  a three-point  spectrum  is  obtained 
from  the  three  spectrometers  simultaneously  and  these  spectrums,  averaged 
over  adjacent  portions  of  the  "acceleration"  and  "incident  flux"  regions  of 
pitch  angle  are  illustrated  in  Figure  5. 


One  sees  that  thereis  no  significant  evidence  for  sources  or  inter- 
actions of  the  H+  ions  in  the  0+  region. 


SUMMARY  AND  CONCLUSIONS 


We  have  examined  some  characteristics  of  an  ionospheric  acceleration 
mechanism  which  operates  on  the  component  of  the  ion  velocity  perpendicular 
to  the  magnetic  field.  The  process  was  found  to  occur  in  a region  of  strong 
incident  proton  and  electron  fluxes  from  the  polar  cuBp.  It  had  a maximum 


intensity  ut  an  estimated  altitude  of  =»  4000-5000  km.  The  cusp  protons  did 
not  exhibit  evidence  of  a strong  interaction  in  the  acceleration  region  while 
the  cusp  electrons  had  significantly  filled  loss  cones  which  we  have  tenta- 
tively interpreted  as  the  result  of  pitch-angle  diffusion.  An  alternative 
explanation  could  be  the  existence  of  a parallel  electric  field  below  the 
spacecraft  which  could  raise  the  mirror  altitude  of  the  measured  electrons 
above  the  atmospheric  interaction  region.  If  such  a field  exists  then 
the  altitude  at  which  the  mechanism  shows  its  maximum  intensity  may  be  lower 

than  the  above  estimate  indicates.  If  the  mechanism  is  triggered  by  some 

9 - / 

threshold  level  of  electron  fluxes,  that  level  is  of  the  ordej  of  10  e / 

2 

cm  -sec. 
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Detector 

Particle 

Table  1 

DETECTOR  CHARACTERISTICS 

Energy  (E,  in  keV)  or  2 

Energy-Per -Unit-Charge  GAE  (cm  -sec-str-keV) 

CMEA 

Electrons 

0.07  - 0.24 

1.2  x 10'6 

CMEB 

Electrons 

0.35  - 1.1 

6.5  x 10  ^ 

CMEC 

Electrons 

1.6  - 5.0 

1.9  x 10"5 

CMED 

Electrons 

7.3  - 24 

6.5  x 10'5 

CXA1 

Ions 

0.50,  0.68,  0.94,  1.28 

r 

Depends  on 

CXA2 

Ions 

1.76,  2.4,  3.3,  4.5  « 

ion  species 
sa  7x10_5e 

CXA3 

Ions 

6.2,  8.5,  11.6,  16.0 

b 

, 


FIGURE  CAPTIONS 


0*  data  from  the  lowest  energy  mass  spectrometer  (CXAl)  at  the 
times  indicated,  on  July  29,  1976.  The  arrows  indicate  those 
times  (once  per  spin)  when  the  instrument  was  oriented  nearly 
parallel  to  the  magnetic  field  and  pointing  downward.  The 
numbers  above  the  panels  are  the  energy-per-unit-charge  setting 
of  the  spectrometer  (in  keV). 

Survey  plots  showing  the  ion  and  electron  data  during  ttie 
traversal  of  the  polar  cusp  on  July  29,  1976. 

Ion  data  showing  detailed  pitch-angle  dependence  of  the  low- 
"f'  + 

energy  0 and  H fluxes  during  the  three  spins  indicated  in 
Figure  1. 

Mass-per-unit-charge  spectrums  averaged  over  two  different 
ranges  of  pitch  angle  (see  text  for  details). 

Energy-per-unit-charge  spectrums  averaged  over  two  different 
ranges  of  pitch  angle  (see  text  for  details). 
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ABSTRACT 


Although  tlieri-  have  been  no  direct  measurements  of  the  composition 
of  the  hot  (keV)  plasma  at  geosynchronous  altitudes,  the  combinatiin  of 
other  observations  lead  to  the  conclusion  that,  at  least  d urine  (-'•*<  - 
magnetically  di  s turh-.-d  periods,  l, here  are  significant  fluxes  of  ioi.r. 
heavier  than  protons  ii  this  region.  Ion  composition  measurements  below 

•i  i 

°£>00  km  altitude  show  upward  streaming  fluxes  of  both  0 and  11  jmis  in 
the  L-rogion  of  the  geosynchronous  orbit.  These  observations  are  consis- 
tent with  the  conclusion  that  at  least  a portion  of  the  total  ioi.  fluxes 
observed  at,  geosynchronous  altitude  to  be  highly  peaked  near  the  magnetic 
field  lines  are  heavier  than  protons  arid  originate  in  the  ionosphere. 
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INTRODUCTION 


Quantitative  measurements  on  the  ion  composition  of  the  hot  (keV) 
plasma  near  ; roosynchronous  altitude  have  not  yet  boon  performed.  Thun, 
the  plasma  compos i tion  in  th j s region  of  the  magnetosphere  must  he  inferred 
primarily  from  composition  .Information  obtained  at  other  .location.';  in  the 
mu,  no  f(  .upbore  . Prior  to  the  work  of  Shelley  el  al.1  it  vas  gene  rul  1 ;/  be]  i eved 
(or  assumed)  that  the  dominant  ion  species  in  the  hot  magnetosphor Lc  plasma 
was  always  hydrogen  (ji  ) and  that  the  source  of  the  ions,  was  the  s.olar  wind. 
There  is  increasing  evidence  that  energetic  oxygen  (0  ) and  helium  (lb  ) 
ions  of  ionospheric  origin  are  frequently  significant  components  in  the  hot 
plasma  and  that  during  geomagnetically  disturbed  conditions  0 ions  may  be 
the  dominant  hot  plasma  ions  in  some  regions  of  the  magnetosphere.  Satellite 
moasuremen ts  at  low  altitudes  (near  800  km)  during  magnetic  storms  have  shown 
that  large  fluxes  of  0 ions  in  the  energy  .range  0.7-1P  keV  are  precipitated 
along,  with  II  ions  from  the  magnetosphere  at  magnetic  L-shells  corresponding  to 
the  region  of  geosynchronous  altitude  (Sharp  et  al."’  '*  and  Shelley  el,  al. ’). 

1 Shelley,  K.  0 . , Johnson,  R.  G. , and  Sharp,  R.  I).  (VJ{?)  Satellite  observa- 
tions of  energetic  heavy  ions  during  a geomagnetic  storm,  J.  (ieoplr, . 

Res  . , if;  61  ok  . 

Sharp,  U.  It.,  Johnson,  R.  0 . , and  Shelley,  K . 0,  (r.i('O):  The  mor  pi  mingy 

of  energi’ tic:  O’*  ions  during  two  magnetic  storms:  Latitudinal  variations, 

J.  <i''ophys.  R. n;.,  lid  : Rk’d? . 

Sharp,  R.  I).,  Johnson,  R.  0.,  and  Shelley,  FI.  0.  (iDY(’):  The  morphology 

of  energetic  01  ions  durin  : two  magnetic  storms:  Temporal  variations. 

j,  (P'l'pif.  ■ • Res . , ill : ’M 3, . 

’’  Shelley,  K.  G.  , Johnson,  R.  and  Sharp,  R.  h . (J'JYM:  Morphology  of 

energetic  o'  In  the  magnetosphere,  in  Marne i.nspir ■ r i <•  Rti.y .:  , R.  m. 

MeCormac,  Kd.,  To  Reidol,  Dordrecht,  Netherlands,  pp  iih-i-'i. 
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Satellite  measurements  at  intermediate  altitudes  (near  oOOO  km)  have  shown 
Llial  lary.e  fluxes  of  0 and  H * ions  in  the  keV  ranpe  art1  beins.  accelerated 
out  of  the  ionosphere  and  injected  into  the  magnetosphere  over  a wide  raripe 
of  magnetic  L-shells,  (Shelley  et  al/’  , Johnson  et  al/’ , and  Sharp  cl,  al.'). 

Under  certain  impulsive  masnetosphoric  conditions  which  produce  velocity  dis- 
persion of  the  trapped  .ions,  measurements  at  pposy nchronous  altitude  indicate 
that  ions  heavier  than  protons  are  present  in  the  kilovolt  eriarpy  ranee 
(Mclllvm  i i/ ) . Titus.,  it  appears,  likely  that  significant  fluxes  of  ions,  other 
than  protons  are  present  near  s.eosynehronous  altitude  at  ie.as.t  for  some  mas- 
netospheric  conditions.  In  this  paper,  discussion  of  the  composition  of  the 
hot  plasma  is  1 united  to  particle  energies  less  than  ^0  keV  since  t.h"  dominant 
plasma  density  and  energy  near  geosynchronous  altittide  is  produced  by  particles 
in  this  enerr'y  ranf'e.  Composition  measurements,  at  higher  energies  and  their 
importance  to  maijne tospheric  processes  have  recently  been  reviewed  by  Frits'  . 


: Shelley,  K.  tj. , Sharp,  K.  ]).,  and  Johnson,  H.  (i.  ( 1 •)  , Sate  Hi  l.  • observa- 

tions of  an  ionospheric  acceleration  mechanism,  (!■  mphy s. . H" s. ■ I,  • 1. ters  . 

3:  O'A . 

Johiison,  1,’.  G.,  Sharp,  R.  1).,  arid  Shelley,  E.  (i . >)  Characteristics  of 

upward-f lowirir,  enerrol.ie  (kov)  ions  dur i .nr.  a /eomaf'nof j.cai .ly  disturbed 
period,  KOS,  U7:  <J\) 2. 

7 Sharp,  R.  Ji . , Shelley,  F, . G.,  and  Joluison,  K.  (J.  ( .1  ‘ *V  a .)  Observation  of  an 

ionospheric  acceleration  mechanism  producing  onori'el.  i c (key)  ions,  primarily 
normal  to  the  f'eoinai.no  I.  i r field  d ircct  i f>n , submitted  to  the  J.  Geophys  . 

Res.. 

Mcl.lwajn,  C.  F. . , Bouncini'  clusters  of  ions  at  seven  earth  radii,  (i  G 1 ) 

!•■()! ’ . > f , 30  Y. 

Frits. . T.  A.  ( 1 [)'f  ) Ton  composition,  Proceed  i nr  : of  1 1"  | ii  l.e  n i.a  i.  i qi  .a  l S.  /in- 

pos.ium  ori  Golar-Torrostri  al  pliys  i es , Vol.  IT,  T).  .T.  Vi  ill  jams,  Kd . , pulil . 
by  American  Geophysical  Union,  pf)  YlG-YPG. 


The  importance  of  knowing  the  ion  composition  of  1« h < * plasma  and  the 
detailed  energy  and  angular  distribution:;  of  the  ion  species  for  modeling 
the  secondary  emission  effect.:,  current  balance,  sheath  characteristics,  etc. 
during  spacecraft  charging  events  is  discussed  in  several  other  papers  in 
this  proceeding  and  will  not  be  reviewed  in  this  paper.  However,  Cor  highly 
anisotropic  ion  fluxes,  and  certain  spacecraft  con  figurations  it  is.  possible 
to  have  ].j i tod  regions  of  a spacecraft  acqui  re  a large  positive  potential 
wjt.h  respect  to  the  plasma,  in  contrast,  to  the  J ar: •<.*  noi'.ativc  potential 
genera]  J.y  observed  and  dis.cus.scd.  This  possibility  of  largo  positive  potential 
will  bo  discussed  in  conjunction  with  the  observations  of  intense  ion  fluxes 
aligned  nearly  parallel  with  the  geomagnetic  field  direction. 

For  the  purpose  of  the  present  discussion,  the  information  presented  on 
the  composition  of  the  hot.  plasma  in  the  magnetosphere  will  be  divided  into 
the  three  general  categories  of  low,  intermediate,  and  high  altitude  satellite 
measurements . The  reported  observations  and  plasma  composition  results,  in 
these  altitude  regions  are  brio  fly  reviewed  and  their  sigjii  finance  to  the  geo- 
synchronous altitude  environment  is  djscussed. 


OBSERVATIONS  AT  LCW  ALTITUDES 


The  mout  extensive  measurements  on  the  composition  ol‘  tlio  hot 
notonpher i c plasma  have  boon  obtained  with  an  ion  mass  spectrometer  aboard 
the  polar  orbiting  D/gl-OBOA  satellite  near  800  km.  The  satellite  was  three- 
axis  stabilised  with  one  axis  always  aligned  near  the  earth's  radios  vector. 

The  ion  mass,  spectrometer  was  oriented  at  to  the  seni  t.h  and  thus  nearly 

always  sampled  ions,  precipitating  from  the  magnetosphere  into  the  atmosphere. 
Tins  spectrometer  covered  the  energy  range  from  0.7  to  Id  l;oV  and  the  mass;  ran."" 
I'rom  1 to  37  AMU  and  the  data  were  acquired  primarily  during  the  period  from 
October  .1.071  l.o  December  ![)('?-. 


The  most  prominent  ion  observed  other  than  11  was  0 . The  0 intensities 


were  largest  slur]  rig  principal  magnetic  storm;;  (Shelley  et  al.’)  hut  s.  i s.ni  t i cant 
fluxes  were  also  observed  during  magnetic  substorms.  (Johnson  et  al.1'’).  A 
detailed  study  of  the  morphology  of  the  0*  ions  during  the  rather  classic  17-17 

i -..Member  1971  magnetic  storm  has  been  made  and  reported  in  the  literature  (Shar 

et  al.'"  »•■’).  Figure  i from  Shelley  et  a].1  shows  li  and  0 dal. a I run  «-  ronsecu 
five  satellite  traversals  of  the  nightsido  (0300  it)  high  latitude  regions  duri 

I ,t  ii . main  plias.e  of  i,h>'  storm.  The  ordinal.-'  is.  approximately  proper  t i on  a 1 l.o  the 

integral  mmiher  flux  in  the  instrument  energy  rang,  from  o . 7 to  I.’  The 


,1,1.1. ...  I,,  , Sharp,  K . |i. . and  Shelley,  K.  o.  (1  •)  Uompos i : ion  oi'  th- 

in.I,  plasma:;  in  the  magnetosphere , in  rhysics  of  ti.e  Hot  Plasma  in  tin- 
Ma  ■ ni'tosphere  , B . Ilult.qvist  and  L.  S ton  flow.  Ed.  , Plenum  Publishing 
(N ~r:  .T  N>-w  Yuri;,  pp  4 O-f'-B. 
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principal  features  of  note  are:  l)  the  0 fluxes  at  L-shells  (near  L = 6.6, 

X - 6/  ')  corresponding  to  geosynchronous  altitude  can  be  comparable  in  in- 

L 

i,enn.iiy  to  tin*  II ' J'luxo:;,;.’)  the  .lati  kutliitftl  (I  j tribul.j  cm:;  of  both  /.pocie;:  have 

significant  structure  ami  vary  from  pass  to  pass,  and  3)  at  a riven  location 

the  relative  composition  of  the  flux  chanp.es  from  pass  to  pass. 

+ i . 

The  locations  in  magnetic  latitude  of  the  0 and  li  precipitation  regions 
throughout  the  time  period  of  the  magnetic  storm  are  shown  in  Figure  2 
(Johnson  el.  al,1")  . The  integral  oner  try  flux  of  the  o'  and  11*  ions  was  computed 
over  the  latitudinal  range  40°  < A <"  80°  and  tlie  circle  for  the  H ions  arid 

Lj 

the  square  for  the  0 ioiis  in  Figure  repifjaet.tr.  the  ‘jO'jt  point  in  the  '/.one 
integral  v;j  th  the  'ears  representing  the  10%  and  points  i 1 1 the  .".a me  inter, raj  . 

l'rom  this  figure  it  is  seen  that  sicni.fi  cant  0 precipitation  is  frequently  oc- 


curring 


inr,  during  the  s.torm  at  magnetic  latitudes  (near  A - 6f  ) corresponding 


to  the  geosynchronous  altitude. 

The  latitudinal  dependence  of  the  average  precipitation  intensity  durin 
the  entire  period  r ■ ‘ ‘ the  storm  (0532  UT  on  1?  December  to  Jl'to  Iff  on  ID  December) 
is  shown  in  Figure  3 • It  .is  seen  that  at  magnetic  latitudes  near  67  degrees  the 
0 and  1!  flux  *s  are  comparable  when  averaged  over  the  storm  and  that  the  0 
ion  intensities  exee-d  the  proton  intensities  below  f'i  marnetic.  latitude. 

Tb"'  1’iie  r y d i s i.)' i nu  t i oi  is  id’  the  precipitating  o and  II  ici  ..  louiul 

to  he  hi.:', lily  virial  l • at  all  magne I. i.c  latitudes  (elieli'./  el.  si.1).  Thr'  avera  e 
energy  for  t.h-  0 1 ions  in  the  measured  "nerry  range  during  the  storm- lime  period 
is  shown  in  Figure  4 and  is  seen  to  lie  about  5 KeV  near  the  magnetic  latitudes 
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ENERGY  FLUX  ( KeV/CM  SEC  STERAD 


, , + 4 . 

[•’ii'iiro  3-  L?»t. i tuil.i nfjj  variation  of  tho  energy  flux  of  0 ami  II  u 

duriiir  Uio  l.iitio  porioil  0,i3'1  UT  on  17  Loctunlw  r to  i lUo  IT]1 
3fi  Dun  inlior  1971  (from  Johnaon  ot  al.ln). 


MAGNETIC  LATITUDE  (DEG) 


i . 

Figure  4.  Latitudinal  variation  of  the  average  energy  ot  0 ions 
during  the  time  period  shown  in  Figure  2 (from  Johnson 
of  al.1"). 


appropriate  to  the  geosynchronous  location. 


To  assess  the  loea.l  tin*:  dependence  oi’  the  0 precipitation  during 


magnetic  storm:;,  a synoptic  study  wa  . made  of  dal, a from  one  your'.;  operation 


uL'  the  oner  etj.c  ion  mar.;;  spectrometer  aboard  the  IpYl-Oh’OA  satellite  (Shelley 


et.  al." ) . Lata  were  utilised  1'ro-.  throe  orbits  in  eacli  ol'  e level , principal 


magnetic  atoms  during  the  period  from  Decemb<  r ] ■ , .1  to  N<  vember  1972  . 0 


ion  precipitat. i oi  '.a..  observed  during  each  of  the  storm;.  The  latitudinal 


extent  and  local  magnetic  time  disti  ution  i !'  the  0 regions  are  shown  in 


Ki  urt!  5 from  Shelley  et  al.  . The  lot  indi  ;a1  js  the  position  of  the  maximuin 


flux  intensity  durii  each  pass  and  the  li nos  indicate  the  position  of  the  pass 


during  which  the  fiux  was  above  the  spectrum"  tor  sens  i t vi  t,y  threshold  of  about 


?.  x 10  ions /am  -so.e-r.r.  Fi'om  these  data,  it  is  seen  that  0 fluxes  were 


I'requentiy  ol. served  at  the  -eosynr.hronous  L-sholls  at  - snout  i al ] y all  I local 


times,  except  for  possibly  a few  hours  near  1200  local  ma  untie  time . The  peak 


fluxes  were  typically  .in  the  range  5 x 10  to  h x 10  ^ / cm'  -soe-sr.  The  0 peak 


intensities  near  noon  were  found  to  he,  on  the  average , about  a factor  of  ten 


lower  than  near  the  midnight  sector  (Shelley  et  al.4) . 


Precipitating  0 fluxes  have  been  observed  with  tli  same  spectrometer  in 


association  with  magnetic  sub  storms  (Johnson  et  al.1'1).  The  peak  intensity 


S 6 / T’ 

were  in  the  range  of  3 x 10  to  3 x 10  ions/em  -scc-sr  and  were  ol  s.ervcd  at 


L-shells  correspond!  nr  l.o  the  geosynchronous  altitude. 


II 
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Precipitating  fluxes  of  He+  and  He*"1  were  also  observed  with  the  1971- 
039A  satellite  on  L-shells  corresponding  to  geosynchronous  altitude  (Johnson 
>t.  a].11  ; Sharp  et  al.lr).  The  He  and  He  fluxes  were  observed  much  less 
frequently  than  the  O'  fluxes  and  their  intensities  were  much  less  than  those 
typically  observed  for  the  0+  ions  during  magnetic  storms.  However,  based  on 
ion  lifetime  considerations,  Tinselyl3and  Lyons  and  Evans14  conclude  that  He 
is  most,  likely  the  dominant,  ion  in  ttie  late-time  ring  current. 

Rocket  measurements;  with  ion  mass  spectrometer  at.  altitudes  below  1000 
l:m  have  also  shown  the  presence  of  energetic  He+*  and  0 ions  in  the  magnetosphere 
(Whalen  and  M-D i ami d1  r’  and  Lynch  et  al.16)  . These  measurements  have  been  made 
near  Et.  Churchill,  Canada  and  thus,  have  been  limited  to  the  high  magnetic  lati- 
tudes near  L 9- 


>>  Johnson . R . 0.,  Gbarp,  K.  D.,  and  Shelley,  E.  G.  OvY!+)  The  discovery  of 
energetic  He  ions,  .in  the  magnetosphere , J.  'd''ophys.  he:..,  _Pg: 

'•  Sharp,  1).,  Johnson,  R . G. , and  Shelley,  E.  G.  (1  t'A)  Satellite 
measurements  of  auroral  alpha  particles,  J.  Ge.oj.hys.  Has. , _U: 

. ...  | . i ( Id'/'  ) Ev  idence  that  the  recovery  phase  ring  current 

eo,  iiai  i • ho  linn  ions,  ,i . Gcepiiys.  lb-.-..,  _J_:  0193. 

’ ■ j , : . |-..  an  Evan  • D . S.  (I'//*')  The  inconsistency  between  proton 

ixehan  o and  the  observed  ring,  current  decay,  ,i.  Gootjhys^  H' , 
• ■'d:  •■I’//. 

.A.,  ' arm  id , l.  B.  ( i'JtV)  l-'urt.hor  low -energy  auroral 

: . on  n iremcnts,  J . C"cph.v s . h"c .,  jJj  1300. 

, , uui  . . . i.'  a ,-h,  R.,  and  Schorb,  E.  (l  >76)  The  charge 

ions  in  a hydrogen  aurora,  .i  • G££gt£  ’ 

l:  I i . 
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OBSERVATIOKFi  AT  INTERMEDIATE  ALTITUDES 


Preliminary  results.  am  now  available  from  an  energetic:  ion  mas:; 

■ Lrome  toi  ox  perl  m 1 1 1 ourd  1 1 1 : space  era  it  1^1  / h-ObB  wh  i oh  in  in  in  el— 

Liptical  polar  orbil  wi  bli  apogee  near  8000  km  (SbolJey  el.  a.!  . ).  Hw  r.pacc- 
•ra ft,  in  spim  ins  an  1 provide  for  Llie  t irst  time  detailed  pit.cli  angle  di.>trl- 
mtion  measurements  with  identifiable  masa-per-uhifc-charge*  'die  experiment 

■overs  v. -y.por-uni t- charge  range  from  0.5  to  lt>  KeV  ami  the  man;  range 

I’rom  1 to  1L0  AMIJ. 

04  and  il ' ions  are  frequently  observed  streaming  upward  along  magnetic 

O 


leld  lines  with  intons  i tie.;  of  both  0 and  H * often  found  to  be  near  10 


8 


ons/cn" -see-sr . The  upward  stream in  * ions  have  been  observed  over  all  the 
.oral  mu  no  tic  time  ran  e thus,  far  examined  from  0‘J00  to  ft'OO  bourn.  The  lati- 
.iid-.  distributions  of  t.l.  ions  have  not  been  determined  in  detail  but  during 
lUgnetic  si.onau  upward  streaming  fluxes  in  the;  evening  tor  are  frequently  ol»- 
;erved  in  Uv:  range  of  65°  to  Yo‘  magnetic  latitude,  thus  spannin:  the  L-sho 1 1 

serious  at  geosynchronous  altitude.  During,  the  2>i  Aug.ust  i'JYo  magnetic  storm 
ipward  streaming  II'  n.d  O4  fluxes  were  obsorved  continue -u.  ly  over  a latitudinal 
.•xtont  of  several  hundred  kilometers.  The  energy  distributions  of  th<-  ions  ex- 


u.ded  to  at  least  ll.'j  I.eV  and  the  0 h energy  s.peotrums  were  fr-quently  harder  than 


H4  sp  >ct  i ; (j<  1 ..  i . ) . The  ward  ;1  r :amii  - i«  r flu 


it1'  observed 


during  quiet  as  vll  as.  di..turb  a ma  ar-tic  periods.. 


Tho  .‘ui  'ii  I ar  . I :i l.r  i but ion:;  of  the  uputreuminj'  ions  are  often  sharply 
peaked  a loti;',  the  ma.diioti  c field  1 j nos . A typical  example  of  thin 
(Shelley  et  al.‘  ) j:;  shown  in  Figure  6 for  a ser/nenl  of  data  acquired  in  the 
northern  auroral  roe Lon  at  a local  time  of  about  FI  hours  on  13  July  lyYG. 
The  relative  flux  intensities  of  tho  01  and  H*  ions  are  plotted  versus  fir.e 
and  can  he  compared  with  l. ho  look  direction  oi'  the  i ns t rumen t rciat  iv  ■ to  fh' 
macnetic  field  direction  (upper  panel)  as  determined  from  the  on-board  mm  - 
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The  deep  minima  Lr.  the  electron  flux  at  pitch  audios  corresponding  to  the 
atmospheric  loss  cones  are  clearly  evident  at  the  same  locations  as  the  iot. 
p oaks . 

The  forcdoim;  type  of  angular  distributions  for  the  ions  and  electrons 
could  lead  to  a net  positive  upward  stream i nr.  flux  at  angles  near  tho  mauurtic 
field  direction.  If  an  an  is  tropic  flux  of  this  type  is.  incident  on  a spaeoerait 
with  a hole  .in  the  outer  skin,  then  a non-conduct  ini’:  surface  on  a component 
In;,  i do  the  skin  and  on  tho  same  magnetic  field  line  as.  the  hole  will  become 
p,  it;  v ; 1 y chair/  I prov  idinr,  the  hole  subtends  an  anple  from  the  component 
a.|  'I,.  equal  I.o  or  In:;:;  than  the  pitch  anr.le  ranpo  over  'eh  fh  ■ positive 
flux  is.  jar  per  than  the  electron  flux.  Assumin''  that  the  electron  flux  is 
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r'i'uri'  Bata  I’rm  IV • >Iui  loti  J5  oti  July  J3,  l >,'•  • . The  upper  i tnel 
vlidVR  '.hi'  pi' nil  an '.1°  oT  l.ho  tten+.er  m'  t.ho  in  -t, r.inenh  I'ii'lu 
<•'*  view.  Th"  t.vni  cento  r panels  show  data  from  the  inn.:.;  ;:p« • 
i. r-HH*' i.'-c  at.  t ho  ii.<ii"at.«:d  cncri'les , and  1.1.0  lower  panol  .-.he 
• I • •l.f'.ii  riuyn  in  the  <jnoin\y  rnv*  f ta an  0.37  t.i  1 heV. 
?li"  raiat.ii/"  temporal  p roe  ini  on  of’  t.lf • plot. a i;.  about  one 


I,j;  iit-  |,|  i ; 1 1 1 Ml.  • it. I,  ''lux  mI.  t.h'  ■ ]air,c  r pitch  angles,  (which  i a typical)  l.licn 

a ]ar  y negative  pol**nlial  could  he  formed  on  the  component  surface  adjacent 

i, o  a lar  positive  potential.  This  configuration  in  illustrated  schematically 

in  Figure  7,  and  to  simplify  Uiis  example,  the  secondary  electron  emission  from 

the  surface  is  assumed  to  be  negl  Lgible . The  surf  ace  position  L on  the  component 

lies  a lorn'  the  magivtic  field  line  through  the  hole  in  the  spacecraft  skin. 

Aides  1 and  1 are  tal'Ti  to  'ne  Jess  than  the  pitch  angle  range  over  which  the 
1 <- 

ion  flux  is  i.p  ater  than  the  electron  flux  so  that,  a positive  potential  will 
< "c.r  at  position  L.  Position  fJ  illustrates  a surface  region  at.  angles  between 
I n,,  to  tin  n.-i  net.ic  field  li  recti  on  where  th<*  electron  flux  in  larger  than 
(t,e  i,.n  flux.  At  this  position  a negative  potential  will  occur.  At  some  position, 
y.  !•  •(,*»••••  *n  i.  and  L the  electron  and  ion  fluxes  will  he  equal  and  a zero  potential 
will  occur.  If.  can  \ • seen  that  the  surface  charging  at  each  position  on  the 
surface  is  related  to  the  pitch  angles  subtended  at  the  hole  in  the  skin  and  thus, 
•trial o to  pinhole  cameras  for  electromagnetic  radiations,  this  will  be  re- 
ferred to  a.  i : i* • "pinhole  camera  charging  effect".  Although  it  has  boon  i lluntru- 
1 fv,r  a net  p<  si *«•  flux  along  the  field  line,  an  anisotropic  electron  flux 
wi  i j ,']]:;(>  pronuee  a potential  gradient  across  the  . urtace  it  essential  1 the  s.ame 
*•*,  '.  Another  ease  t.u  consider  in  relation  to  the  pinhole  '-nm*  ra  char. in*  effect 

j . .  i.h.  on*  in  which  the  spacecraft  nk  i.i  is  charged  hi  "hi  \ n**  ativi  . In  this,  case, 
i ; i.  mi,  • sol  r*  !*:  ••  it  n flux  could  ho  produced  by  the  acceleration  of  the  ions  slots 
i.h**  f i i * 1 1 1 i it,-*  h t.h  spacecraft  surface  potential  while  the  ••l.cctron  flux 

(•.*:,  *hin  ' I.h*  leocraff  surface  at  angles  near  the  magnetic  field  direction  is 
r*"'iuced  1 . the  r.e  itive  potential  of  the  surface. 





PINHOLE  CAMERA  CHARGING  EFFECT 
IN  ANISOTROPIC  HOT  PLASMAS 


SPACECRAFT  COMPONENT 


OBSERVATIONS  AT  SYNCHROi'IOUE  ALTITUDE 


A . 


Extensive  measurements  on  the  electron  end  Lota],  ion  characteristic:;  of 
the  hot  plasma  at,  • reosy  n chronour:  altitude  have  been  made  v/i  th  i nr.trumontr. 
aboard  the  ATS -5  and  ATS -6  satellites  (Deforest1 7 and  Molllwuin1  ).  Although 
‘.ho  instrumentation  could  not  distinguish  the  ion  species,  analysis  of  bouncin/ 
clusters  of  ions,  during  some  types  of  transient  events  ran  provide  information 
on  the  ion  musses.  In  two  case..; , Mcll .Twain'  reports  that  the  data  are  test 
fit,  .if  He  or  0 ions  are  assumed  for  the  cluster  ions,  hut  quantitative  values 
■hr  the  fluxes  are  not  reported. 

Annular  r|i  strihution  measurements  on  the  ATU-O  satellite  r.how  that  the  Lot 
fluxes  below  10  keV  are  often  enhanced  at  small  pitch  armies  (Mel  1 3 wait  : and 
iiauk  and  Mclllwairi1  ’ ) . Art  example  of  this  enhancement  is  shown  in  Fi:  ure  ‘ 
from  the  paper  by  Maul  arid  Mclllwairt1  . It  is  seen  that,  the  enhancement,  ex- 
t s ds  to  •').?.  f.eV  arid  to  pitch  angles  well  outside  the  region  of  th"  atmospheric 
loss  cor,"  of  about  L . Enhancement  of  the  ions  at  small  pitch  angle.:  at  syn- 
chronous aj  ti  l.inle  is  si n;;  i sl.cnt  with  the  continued  upward  flow  of  the  upward 

1)'T(  ;; . k.  {]  )/'()  '[’he  plasma  onv i ronnienl,  at,  geosynciironous  altitude, 

'I'll  i ..  pro. I i n s. 

McMlwaii  . O'.  J'i.  (j.'tfh)  Auroral  electron  beams,  near  the  magneti iiial.nr, 

l’iiy  s i e 1 i.li.  • Hid.  Plasma  in  t.li"  Masnetosphcre , It.  Jlull.qvi.  L and  h. 
ft.eufle,  Ed.,  Plenum  L’uh.l  . Corp.,  New  York,  •)]. 

Man  , I:,  it.,  and  Me]  I wain,  C.  K.  (I'lfh)  ATS-0  UCSJI ' auroral  particles 

experiment,  lEILE  Triii. : . eii  Aerospace  ami  Electronic  f.y  ■ 'i.ems  , V > 1 . AEI ; - I .1  , 


s l.J’<  'amin''  ionospheric  ion:;  observed  at.  .Lower  altitudes  and  discussed  .in  Liu1  pro- 
ceeding section.  Thus,  it  is  reasonable  to  expect,  similar  ion  composition  in 
the  peaked  ion  fluxes  at  synchronous  altitude  as  is  found  in  the  upward  1'lowin/j 
ions  on  the  same  L- she 11s  at  the  lower  altitudes. 

Mclllwaifi"  also  notes  that  simultaneous  ion  and  electron  l'ield-aii^ned 
Learns  at  the  higher  energies  do  not  seem  to  occur.  Thus,  the  pinhole  camera 
charp,inr,  effect,  d i.scussed  In  the  previous  section  may  be  particularly  applicable 
near  ; asynchronous  altitudes. 

y.  GUMMA  KY' 


Plasma  composi  t.ioti  measurements  at  low  altitudes  show  that  relatively  luiyv 

+ i 

fl  axes  of  0 jot,.:  a.  well  as  il  ions  ax-"  precipitated  from  the  mu  aiotosphero  at. 
magnetic  L-shells  corresponding  to  geosynchronous  altitude.  Upward  stroamini' 

t + 

0 and  ii  ions  from  the  ionosphere  arc  also  observed  on  field  lines  threading 
the  reosynchronous  location.  Observations  at  synchroriour.  altitude  of  ion  fluxes 
hi ,'hly  pearea  at  small  pitch  angles  are  consistent  with  the  ionosphere  as  the 
source  of  t.he  .ions.  Thus,  although  there  are  no  definitive  measurement;:  of  the 
compos  iti csi  of  the  hot  plasma  near  /Geosynchronous  ajfituue,  other  oh..'  rval.ion. 
.tron/t,'  support  I, lie  conclusion  that  at  least,  durin.  nm  ■ , I.  i c storms  s i p.ii  i f i rant 
fluxes  ( f ions.  Ii"iivi"r  than  protons  are  also  present  flier1  . 
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A satellite-borne  energetic  ion  mass  spectro- 
meter experiment  has  detected  l’luxos  of  O'1  and 
H+  ions  flowing  up  out  of  the  ionosphere  in  the 
auroral  and  polar  regions.  The  observed  ions 
have  energies  in  the  keV  range,  narrow  pitch- 
angle  distributions  aligned  along  the  magnetic 
field  direction  and  peak  flux  intensities  of 
the  order  of  101'  (cm^-sec-sterod-keV)-!.  The 
observations  were  made  at  altitudes  between  5000 
and  8000  km  on  both  the  day  and  nightsides  of 
the  earth. 
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RECENT  RESULTS  OF  ENERGETIC  ION  COMPOSITION 
MEASUREMENTS  IN  THE  MAGNETOS! HERE 


R.  D.  Sharp,  R.  G.  Johnson,  anti  E.  G.  Shelley 
Lockheed  Palo  Alto  Research  Laboratory 
3251  Hanover  Street  (52-12/205) 

Palo  Alto,  California  94304 


A newly-launched  satellite  experiment  employing  an  energetic  ion  mass  spec- 
trometer has  detected  large  fluxes  of  energetic  04  and  H+  ions  being  accel- 
erated up,  out  of  the  ionosphere,  in  the  auroral  and  polar  regions.  Ion 
fluxes  of  the  order  of  10°  (cm^-sec-sterad-keV)-!  have  been  measured  with 
energies  in  the  keV  range.  The  measurements  were  obtained  in  the  northern 
hemisphere  over  an  altitude  range  from  about  5000  to  8000  km.  Examples  of 
two  types  of  events  with  significantly  different  pitch-angle  distributions 
will  be  presented.  In  one,  the  upward -flowing  ions  were  observed  with  a 
peak  in  the  angular  distribution  of  about  10°  to  20°  FWUM  antiparallel  to 
the  magnetic  field  direction.  In  the  other,  the  pitch-angle  distribution 
had  dual  maxima  at  about  120°  to  l4o°  from  the  magnetic  field  direction 
with  a minimum  anti  parallel  to  11. 

Recent  results  of  the  further  analysis  of  an  earlier  body  of  data  from  a 
low-altitude  polar -orbiting  satellite  will  also  be  described.  Measurements 
during  the  5 August  1972  magnetic  storm  showed  pronounced  peaks  in  the  en- 
ergy spectrums  of  precipitating  H+,  He+,  and  0+  ions.  The  energy  of  the 
peak  increased  with  increasing  magnetic  latitude.  Within  the  resolution 
of  the  measurements  the  spectral  peak  occurred  at  the  same  velocity  inde- 
pendent of  ion  species. 

Following  recent  inferences  that  helium  ions  might  have  dominated  the  ring 
current  during  the  recovery  phase  of  the  December  1971  magnetic  storm,  a 
search  was  made  for  precipitating  helium  ions  at  that  time  wi th  negative 
results.  The  implications  of  these  results  to  the  question  of  the  compo- 
sition of  the  ring  current  will  be  discussed. 


CHARACTERISTICS  OK  UPWARD -PLOWING,  ENERGETIC 
(keV),  IONOSPHERIC  IONS  DURING  A MAGNETICALLY - 
DISTURBED  PERIOD 
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R.  (1.  Johnson 
R.  I).  Sharp 

E.  G.  Shelley  (all  at:  Space  Sciences  Labora- 

tory, Lockheed  Palo  Alto  Research  Laboratory, 
Palo  Alto,  California  9*l304) 

Upward- flowing  energetic  ions  of  ionospheric 
origin  were  observed  during  a magnetically- 
disturbed  period  on  August  24,  iy?6  with  a 
satellite-born''  energetic  ion  mass  spectrometer 
covering  the  energy  range  from  0.5  to  lb  keV. 
Oxygen  ions  and  pro t ns  w»rc  observed  with  nar- 
row pitch-angle  distributions  and  with  peak 

( 1 . r j 

intensities  of  the  order  of  10°  (cm‘--see-stor:ul- 
k'*v)-l.  The  ion  1 Lea  extend  to  several  k<  . 
and  spatial/ temporal  chnng.es  in  the  spectrum?.  are 
common  and  quite  large.  The  oxygen  ion  spectrum:, 
frequently  extend  to  higher  energies  than  the 
protons.  The  upward-flowing  ions  were  observed 
over  a latitudinal  extent  of  several  hundred 
kilometers . 
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ENERGETIC  (keV)  ION  COMPOSITION  OBSERVA- 
TIONS ON  THE  S3-3  SATELLITE 

R.  G.  Johnson  (Lockheed  Palo  Alto  Research 
Laboratory,  Palo  Alto,  California  94-304) 

R.  D.  Sharp 

E.  G.  Shelley  (both  at:  Lockheed  Palo  Alto 

Research  Laboratory,  Palo  Alto,  California 

94304) 

Ion  composition  measurements  on  the  S3-3 
satellite  are  being  made  over  the  energy- 
range  from  0.5  to  16  keV  with  an  ion  mass 
spectrometer  consisting  of  a Wien  velocity 
filter  followed  by  an  electrostatic  analyzer. 
H+,  Iie+ , He+_f  and  0+  ion  have  been  observed. 

0+  and  H+  ions  are  frequently  observed  stream- 
ing upward  along  the  magnetic  field  direction. 
The  ion  energies  are  typically  in  the  few  keV 
range  but  have  been  observed  up  to  16  keV. 
Upward  streaming  lle+  ions  are  also  observed 
but  less  frequently  and  with  lower  fluxes  than 
the  0+  or  H+  ions.  0+  fluxes  comparable  to 
the  H+  fluxes  were  observed  in  the  ring  cur- 
rent near  5000  km  at  L = 3 to  4 during  the 
main  phase  of  the  28  December  1976  magnetic 
storm. 
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ANGULAR  DISTRIBUTION  CHARACTERISTICS  OF  UP- 
STR FAMING  ENERGETIC  (kcV)  0+  AND  11+  IONS 

A.  Chic  line  tti*  (visiting  scientist  at  Space  Sci- 
ences Laboratory,  Lockheed  Research  Laboratory, 
Pa  1 o Alto,  Co  ! i.  f o rn  i a 94  304 ) 

R.  G.  Johnson 
E.  G.  Shelley 

R.  D.  Sharp  (all  at  Space  Sciences  Laboratory, 
Lockheed  Research  Laboratory,  Palo  Alto,  Calif- 
ornia 94304) 

(Sponsor:  Dr.  Richard  D.  Sharp) 
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Measurements  of  the  pitch-angle  distributions 
of  energetic  (keV)  0+  and  Il+  ions  iiave  been  ob- 
tained with  an  ion  mass  spectrometer  aboard  tile 
SJ-3  (197L-65B)  spacecraft.  Upstreaming  0+  and 
H+  ions  are  frequently  observed  in  the  keV  energy 
range  with  intons  it • es  np  to  about  5 x 1 0^  ions/ 
cm^-sec-ster-kcV . The  Vr  and  ll+  angular  distri- 
butions in  a tew  upstreaming  events  have  been 
analyzed  in  detail  to  investigate  the  dependence 
of  the  distributions  on  the  mass  and  energy  of 
the  ions.  Some  events  have  highly  field-aligned 
distributions  with  widths  1 e;a:  than  the  instrument 
angular  resolution  of  about  4°  FWI1M  for  both  0+ 
and  !t+  ions.  In  other  events,  the  angular  dis- 
tributions are  mass  dependent  with  the  O1’  distri- 
butions usually  being  wider  than  the  IF*"  distribu- 
tions. Some  constraints  on  the  processes  produc- 
ing the  observed  ion  fluxes  are  inferred  from  the 
variations  of  the  source  cone  width  with  mass  and 
energy. 
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ELECTROSTATIC  POTENTIAL  DIFFERENCES  ALONG  MAG-  1.  CO.IoUlSHARP 

NETIC  FIELD  INFERRED  FROM  SATELLITE  MEASUREMENTS 

OF  ELECTRON  AND  TON  DISTRIBUTIONS  . 1977  Spring  Meetin  - 

J.  B.  Clad I ■ ■■  •tospheric 

R.  D.  Sharp  (both  at  Space  Sciences  Laboratory, 

Lockheed  Research  Laboratory  > Palo  Alto,  Calif-  h.  Special  Meat:  ion 

ornia  9b  '•Ob) 

[>.  Mo 

Upward -s'  roaming  II  r and  0+  ions  in  the  keV 
range,  closely  aligned  with  the  magnetic  field,  6.  Nu 

were  observed  with  the  ! ' > V >1-  0 58 , polar-orbiting 
satellite  at  10  t UT  on  S'  ;■  1 . siber  15,  1976  at  18  Y-  0 

HR  MLT,  70°  invariant  lot  ttide,  and  at  an  altitude 

of  7820  km.  The  i<  ns  wen  •:>  • rv<  d < uring  three  8.  Technical  |'n la  ri  . It 

spin  periods  (d  I mi  240  > wl  He  the  satel-  .‘teheed  1 ui  . .• 

lite  was  moving  toward  higher  latitudes.  Electro-  Department  -HO,  ! u i 1 

.static  potential  differences  along  the  magnetic  _ M Hanover  Ftre  t 

field,  above  and  below  the  satelllti  , were  in-  • . ’alit'erna 

1 erred  from  pitch-angle  and  energy  measurements  : • . , ' nahan 

of  electrons  (70  eV  - 2b  keV)  madi  prior  to  and 

during  the  streaming-ion  observations.  The  in-  >.  jOi'b 

ferred  electric  field  was  directed  upward.  The 
potential  differenct  below  the  satellite  was  de- 
termined from  (i ) the  widening  of  the  loss  cones 
of  the  electrons,  and  (ii)  the  deepening  of  tne 
loss  cones  (i.e.,  the  depression  ul  the  backscat- 
terod  flux).  lilt  independent  determinations,  (i) 
and  (ii),  are  in  good  agreement  with  each  other 
hut  not  sufficient  to  account  lor  the  energies  of 
the  ions.  The  potential  difference  above  the  sat- 
ellite was  inferred  from  (j)  its  effect  on  the 
"field-free"  electron  distribution  which  was  as- 
sumed to  lie  the  one  measured  just  equatorward  of 
the  ions,  and  (ii)  observat ions  of  electrons 
trapped  between  the  magnetic  mirror  below  the  sat- 
ellite and  the  electric  mirror  above.  For  each 
of  the  pin  periods  during  which  the  ions  wore 
present,  the  potential  differences  below  the  sat- 
ellite was  found  to  be  1.5  kV,  3.7  kV,  and  ~ 1.5 
kV,  respectively.  Above  the  satellite,  the  poten- 
tial difference  nercased  witli  latitude,  being 
about  0.5  IV  on  the  second  spin  period. 


THE  MORPHOLOGY  OF  UPWARD-FLOWING  FIELD-SIGNED 
ENERGETIC  ION  FLUXES 


A.  Ghielmetti*  (Space  Sciences  Laboratory,  Lock- 
heed Research  Laboratory,  Palo  Alto,  California 
94304  USA) 

E.  G.  Shelley  (Space  Sciences  Laboratory,  Lock- 
heed Research  Laboratory,  Palo  Alto,  Ca.  9!4304) 
R.  G.  Johnson  (Space  Sciences  Laboratory,  Lock- 
heed Research  Laboratory,  Palo  Alto,  Ca.  9^304) 
R.  D.  Sharp  (Space  Sciences  Laboratory,  Lockheed 
Research  Laboratory,  Palo  Alto,  Calif.  9^304) 


The  inferred  signatures  of  magnetic  field- 
aligned  electrostatic  potential  differences  in 
the  several  kilovolt  range  have  been  observed  in 
the  data  from  an  energetic  ion  and  electron  spec- 
trometer on  the  S3-3  (1976-65B)  satellite.  Large 
fluxes  of  H and  0+  ions  are  frequently  found 
streaming  up  out  of  the  ionosphere  with  energies 
up  to  l6  keV  in  a region  between  invariant  lati- 
tudes of  60°-80°  N and  above  9000  km  in  altitude. 
The  latitudinal  width  of  these  upstreaming  ion 
events  has  been  observed  to  vary  from  less  than  a 
degree  to  10  degrees.  The  pitch-angle  distribu- 
tions are  peaked  along  the  magnetic  field  direc- 
tion with  source  cone  widths  ranging  from  a few 
degrees  up  to  ~ n/2  (full  width).  The  events 
have  been  found  in  about  70$,  of  all  the  orbits 
for  which  data  have  ueen  acquired  extending  over 
a 2-l/2  month  period  covering  the  magnetic  local 
time  interval  from  0900  to  2300  and  the  magnetic 
activity  range  from  0 to  6 in  Kp.  First  results 
indicate  that  the  field-aligned  fluxes  out  of  the 
ionosphere  are  a persistent  though  highly  varia- 
ble phenomena  generally  occurring  in  a region 
near  the  observed  poleward  edge  of  the  more  ener- 
getic (~  10  keV)  electron  precipitation  region. 
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Data  on  the  composition  of  plasma  in  the 
earth's  magnetosphere  in  the  energy  range 
0.5  to  16  keV  is  being  acquired  with  an  ion 
mass  spectrometer  aboard  the  I976-O65B 
satellite.  The  satellite  is  in  an  82°  in- 
clination orbit,  with  an  initial  perigee  of. 
260  km  and  apogee  of  8060  km,  and  is  spin- 
ning such  that  pitch  angle  data  are  obtained 
for  the  ions.  During  the  main  phase  of  the 
magnetic  storm  on  29  December  1976,  rela- 
tively large  fluxes  of  trapped  0+  and  H+ 
ions  were  observed  in  the  region  L = 3 to 
L - 4 at  altitudes  near  5000  kra.  0+  and  H+ 
ions  were  observed  over  the  full  energy  range 
of  the  instrument  with  the  H4  spectrum:', 
typically  being  harder  than  the  0+  spectruins. 
On  the  first  pass  through  the  L = 3 to  L = 4 
region,  the  0+  number  density  was  about 
twice  that  of  H+  and  the  energy  densities 
were  about  equal  within  the  instrument  energy 
range.  He+  fluxes  were  also  observed  during 
the  main  phase  but  the  intensities  were  small 
compared  to  the  0+  fluxes.  Trapped  0+  fluxes 
have  also  been  observed  during  other  magnetic 
storms  and  at  pitch  angles  corresponding  to 
equatorial  pitch  angles  up  to  about  45°. 
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Large-scale  electric  fields,  directed  upward 
along  the  magnetic  field,  have  been  inferred 
from  several  sets  of  data  on  Lite  pitch-angle 
and  energy  distributions  of  electrons  and  ions 
obtained  at  high  invariant  latitudes  ( 05°)  and 

altitudes  (~  6000  km)  with  Lite  po  lar-orbit  ing 
L976-65B  satellite.  The  analysis  utilized  data 
taken  while  If*-  and  0 ions  in  the  keV  range  were 
observed  to  move  upward,  closely  aligned  with 
the  magnetic  field.  The  electrostatic  potential 
differences  below  the  satellite  were  determined 
not  only  from  the  energies  of  the  streaming  ions 
but  also  from  widths  and  depths  of  the  electron 
loss  cones.  Potentials  to  about  4 kV  were  com- 
puted in  this  manner.  The  distributions  of  the 
potentials  along  the  magnetic  field  were  esti- 
mated from  the  quasi-neutrality  condition, 
equating  along  the  magnetic  field  the  ion  and 
electron  number  densities  obtained  by  integrating 
over  the  velocity  distributions  of  the  observed 
par tic les . 
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Data  on  the  hot  plasma  composition  in  the 
earth's  magnetosphere  in  the  energy  range  0.5 
to  16  keV  is  being  acquired  with  an  ion  mass 
spectrometer  aboard  the  I976-C65B  satellite. 

The  satellite  is  in  an  82°  inclination  orbit, 
with  perigee  near  260  km  and  apogee  near  806O 
km,  and  is  spinning  such  that  pitch  angle 
data  are  obtained  for  the  ions.  The  ion 
composition  during  selected  magnetically 
quiet-time  periods  (Kp  < 3&)  in  December  1976 
has  been  investigated  in  the  region  of  the 
quiet  time  ring  current  at  altitudes  below 
8000  km  in  the  midnight  sector.  He++  ions 
were  observed  in  several  passes  and  in  one 
case  they  were  found  as  low  as  L = 5.5  which 
was  near  the  low  latitude  edge  of  the  plasma 
sheet  electrons.  These  observations  show 
that  solar  wind  ions  are  entering  the  mag- 
netosphere and  are  being  transported  to  rela- 
tively low  L-shells  in  the  magnetosphere 
during  magnetically  quiet  times. 


